Although significant progress has been made in the understanding of melanoma pathophysiology and therapy, patients with metastatic melanoma still have a poor prognosis. The management of regional nodes remains a matter of debate. By replacing elective lymph node dissection, sentinel lymph node biopsy has revolutionized the treatment of malignant melanoma. In this paper, the history of the procedure is traced, and the indication for completion lymphadenectomy after positive sentinel node biopsy is discussed in light of the recent studies that addressed this issue. The role of adjuvant therapies in the management of patients with stage III melanoma is also discussed.
Introduction
As metastases from melanoma most frequently develop in lymph nodes, sentinel lymph node biopsy (SLNB) has emerged as a key diagnostic tool for determining whether cancer has spread beyond the primary tumor site to the lymph nodes. This minimally invasive procedure has successfully replaced elective lymph node dissection (ELND) as a sensitive prognostic tool and has changed the management of primary melanoma [1] . SLNB has also provided a better understanding of the nodal metastatic process, giving rise to the concepts of sentinel lymph node (SLN) tumor burden and to the status of a non-sentinel lymph node (non-SLN).
Sentinel Lymph Node Biopsy: A New Era in Cutaneous Melanoma Management

History of the Sentinel Lymph Node Biopsy
Prophylactic removal of regional nodes by routine ELND was recommended for the first time by Herbert L. Snow in 1892 to halt tumor progression, regardless of the absence of palpable nodes [2] . However, the efficacy of this procedure has been long debated. Several prospective randomized controlled studies [3] [4] [5] [6] have shown that ELND has no benefit in patients with cutaneous melanoma, but subgroup analysis in the trial conducted by Balch et al. indicated that ELND improved survival in certain subgroups, such as in patients aged 60 or younger, or with 1 to 2-mm thick or non-ulcerated tumors [3] . The primary shortcoming of ELND is that only about 20% of patients with an intermediate-thickness primary melanoma are expected to have metastases in the regional nodes, whereas 80% of patients are exposed to the morbidity of lymphadenectomy, without actual benefit [7] . Another issue with ELND was to identify the basins at risk of metastasis when cutaneous melanoma developed in sites with ambiguous lymphatic drainage pathways. Donald L. Morton developed a technique called cutaneous lymphoscintigraphy to map lymphatic drainage pathways in truncal or shoulder melanomas [8] . Dr Morton explained that it was during a lymphoscintigraphy-while observing the dynamic images of a lymphatic channel draining directly to a first node, and then into the secondary nodes-that the idea of the "sentinel" node was born. The first node draining directly from the site of the primary lesion was the first at risk of being reached by cancer cells spreading from the tumor. He realized that knowing the status of this "sentinel" node made it possible to know the status of the entire regional basin. This simple observation developed into the revolutionary concept of the SLNB.
In 1992, Morton et al., published an operative procedure using this technique to select and remove SLNs and identify patients with metastatic nodes [7] . Cutaneous lymphoscintigraphy with technetium-labeled dextran was used to identify the areas of primary drainage for melanomas located in ambiguous sites. Then a blue dye was injected intradermally at the melanoma site to trace the connected lymph vessels and identify the draining sentinel node(s). The SLNs were then dissected and evaluated by routine hematoxylin eosin or immunohistochemistry to detect the presence of metastatic deposits. Following SLNB, every patient included in this study had a complete lymph node dissection (CLND) and non-SLNs were also examined for metastases to evaluate the accuracy of the procedure.
SLNs were identified in 194 (82%) of the 237 lymphadenectomy specimens. Metastases were detected in 40 (21%) of these specimens. In contrast, the rate of metastasis in nonSLNs from these lymphadenectomy specimens was only 1% (2/194) [7] . These results confirmed that the SLN is the initial site of regional lymphatic node metastases.
The use of radioisotopes was extended from preoperative localization of the SLN to intraoperative identification. Dr Morton reported his use of intraoperative radiolymphoscintigraphy using 99mTc-labeled albumin before the Society of Surgical Oncology in 1994 [9] . Within a few years, the prognostic significance of SLNB had been clearly demonstrated by several studies and the American Joint Committee on Cancer incorporated the tumor status of the SLNs into its staging system for melanoma in 2001 [10] .
The Multicenter Selective Lymphadenectomy
Trial-1 (MSLT-I)
The MSLT-I was designed to determine whether SLNB could be used to identify patients with clinically occult nodal metastases and to compare immediate CLND with therapeutic lymph node dissection (TLND), when nodal recurrence was observed during observation. The MSLT-I was a large cohort study involving 2001 patients initiated by Morton et al. in 1994 [1] (Table 1) . Patients included had localized cutaneous melanomas with a Breslow thickness of 1mm or more, or Clark level IV-V with any Breslow thickness, and were followed up for 10 years. Patients with intermediate-thickness melanomas, defined in this study as those with 1.2 to 3.5-mm melanomas, constituted the primary study group. This was because pretrial statistical modeling, based on data from the prospective melanoma database of the John Wayne Cancer Institute, indicated that the timing of CLND was most likely to affect survival in this subgroup. Our discussion of MSLT-I therefore focuses on this subgroup of patients.
Patients with intermediate-thickness (n = 1347) primary melanomas were randomly assigned to undergo wide excision and either SLNB (n = 814) or regional nodal observation (n = 533) [1] .
Among the patients in the biopsy group, metastases were identified in 16.0% of patients and nodal metastases were detected during observation in 4.8% of patients with tumor-free SLN; thus, the proportion of patients with intermediate-thickness melanomas who had nodal metastases in the biopsy group was 20.0%, and the estimated cumulative incidence of nodal metastases at 10 years was 21.9%. In the observation group, 17.4% of patients had nodal metastases at a median of 19.2 months, and the estimated 10-year cumulative incidence of nodal metastasis was 19.5%.
Ten-year disease-free survival rates were significantly higher in the biopsy group than in the observation group, (71.3±1.8% versus 64.7±2.3%, hazard ratio [HR] for recurrence or metastasis of 0.76; 95% CI, 0.62 to 0.94; p = 0.01). In contrast, 10-year melanoma-specific survival rates were similar between the two treatment groups in patients with intermediate-thickness melanomas (81.4±1.5% versus 78.3±2.0%, HR of 1.12 (95% CI, 0.76-1.67; p = 0.56). Thus, this trial did not demonstrate a statistically significant therapeutic advantage of SLNB over observation with regards to melanoma-specific survival ( Table 1) .
The rationale for and against SLNB can be resumed by the incubator versus marker hypotheses. These are the two possible paths of metastasis from a primary melanoma. According to the incubator hypothesis, a primary melanoma initially metastasizes via the lymphatics to the SLN. The metastatic foci may remain latent (incubate) in the SLN before spreading to distant sites. Thus, removal of the positive SLN before dissemination should prevent distant metastasis. According to the marker hypothesis, a primary melanoma metastasizes simultaneously via the lymphatic and hematogenous routes. Thus, finding a positive SLN is only a marker of a primary melanoma that can metastasize, Table 1 Summary of (a) MSLT-1 study comparing sentinel lymph node biopsy (SLNB) and immediate complete lymph node dissection (CLND) for nodal metastases detected on biopsy, with nodal observation and therapeutic lymph node dissection (TLND) for nodal recurrence observed during observation in patients with localized cutaneous melanoma; (b) and (c) DeCOG-SLT and MSLT-2 studies, comparing CLND with observation by ultrasonography and TLND being performed in case of recurrence in the nodes in melanoma patients with positive sentinel lymph nodes and surgical treatment of the nodes is unlikely to have any therapeutic effect on distant metastases [11] . However, the MSLT-I lacked the power to detect any potential differences in survival between patients with and without SLNB due to the dilution effect associated with only 15-20% of patients having SLN metastases and only 15-20% of these patients having additional nodal metastases in the CLND specimen.
Although the therapeutic role of SLNB in melanomaspecific survival was not confirmed, further subgroup analyses provided important information about the prognostic value of SLN status. Firstly, analysis of the biopsy group indicated that the 10-year melanoma-specific survival rate was significantly lower among SLN-positive patients than among SLN-negative patients for intermediate-thickness melanomas (62.1±4.8% versus 85.1±1.5%). Multivariate analysis for intermediate-thickness melanoma patients confirmed that SLN status was the most powerful prognostic factor, with about a 2.5-fold higher risk of recurrence or death from melanoma for SLN-positive patients than for the SLN-negative patients in the biopsy group (p < 0.001). Secondly, analysis of data from patients who developed nodal metastases indicated that early intervention for nodal disease had a significant positive impact on survival: patients with intermediate-thickness melanomas in the observation group who developed a palpable nodal recurrence and had a TLND had a significantly lower 10-year melanoma-specific survival rate than those in the SLNB group with a positive SLN and immediate CLND (41.5% versus 62.1%, p = 0.006). Significant improvements in distant disease-free survival were also observed in patients with intermediate-thickness melanoma and nodal metastases in the biopsy group compared to those in the observation group (HR=0.62; 95% CI, 0.42-0.91, p = 0.02). These results clearly indicated that the timing of the intervention for nodal disease was an important factor for reducing the risk of melanoma-related distant metastases, nodal recurrence and death in patients with intermediatethickness melanoma.
Classification of Sentinel Node Micrometastases and Their Clinical Relevance
Sentinel node biopsy has resulted in an unprecedented understanding of melanoma biology with, among other consequences, the emergence of the concepts of SLN tumor burden and the status of non-SLN as prognostic factors. Three methods have been described to accurately quantify and classify micrometastases in positive SLNs and evaluate their prognostic value.
Firstly, Starz et al. described a routine S-staging micromorphometric technique using the number of 1-mm thick SLN slices with detectable tumor cells (n) and the depth of tumor cell invasion (d) as morphometric parameters [12] . On the basis of this classification, the authors analyzed the metastasisrelated mortality in 342 melanoma patients (median follow up, 36 months) in correlation with each patient's highest S classification. The study showed that S1-stage (1 ≤ n ≤ 2 and d ≤ 1 mm, with clustered subcapsular metastatic deposits) and S2-stage (n > 2 and d ≤ 1 mm, with more extended peripheral metastases) patients had a 5-year survival rate without distant metastases of over 90%, similar to that of S0-stage (no detectable metastases) patients. In contrast, S3-stage (n > 2 and d > 1 mm, and deeper infiltration of metastatic cells in the parenchyma) patients had a very poor prognosis with a 5-year survival rate of around 30%.
To refine the selection of patients eligible for CLND, Dewar et al. established a second classification categorizing metastases based on their microanatomic distribution inside the SLN in a study involving 146 patients with SLNB-positive metastatic melanoma [13] . Using this approach, they found a significant positive correlation between the location of metastases and non-SLN involvement. None of the patients with metastatic deposits confined to the subcapsular area had involvement of the non-SLNs, whereas positive non-SLNs were detected in 11.1% of patients with combined subcapsular and parenchymal metastases, in 18.8%, of patients with larger metastases confined to the paracortical area of parenchyma, in 36.8% of patients with multifocal multiple discrete deposits with some parenchymal deposits, and in 42.1% of patients with extracapsular or extensive metastases larger than 5 mm. This study demonstrated that the location and distribution of metastatic cells within the SLN had a critical predictive value for non-SLN involvement and suggested that patients with metastases circumscribed to the subcapsular region could safely be spared complete surgical resection of the adjacent lymph nodes.
Finally, SLN tumor load can be evaluated using the very simple Rotterdam Criteria to categorize metastases based on the maximum diameter of the largest metastasis (< 0.1 mm; 0.1-1 mm; > 1 mm). Using this classification, a large multicenter study involving 388 SLN-positive melanoma patients reported that among the 10% of patients with SLN micrometastases of less 0.1 mm, only 3% had additional positive non-SLNs [14] . The 5-year overall survival in these patients (91%) was the same as that for patients with a negative SLN, thus these patients could be spared CLND. Therefore, SLN status is the most important prognostic factor in patients with localized melanoma and non-SLN status is the highest significant independent predictor of survival in patients with positive SLNs.
Benefit of Complete Lymph Node Dissection in Patients with a Positive Sentinel Node Biopsy
Immediate CLND was the established standard procedure for melanoma patients after a positive SLNB, but as shown in the MSLT-I trial, melanoma-specific survival was not modified by this procedure [1] . Although the eventual removal of positive non-SLNs and improved regional control are considered as potential advantages of CLND, nodal disease is limited to the SLNs in most patients and is removed by means of the SLNB. Additional positive non-SLNs are found in around 8 to 20% of patients after CLND, although some series show even higher numbers [15] . Therefore, around 80% of patients undergo surgery with all the associated risks and no actual benefit. Furthermore, follow up with ultrasound of the nodal basin may pick up recurrences at an early enough time point to allow for successful surgical treatment.
Two clinical trials were designed to clarify the therapeutic role of CLND in melanoma patients with nodal metastases by testing the hypothesis that CLND in patients with a positive SLN improved survival: the German Dermatologic Cooperative Oncology Group Selective Lymphadenectomy Trial (DeCOG-SLT) and the Second Multicenter Selective Lymphadenectomy Trial (MSLT-II) [16, 17] .
The DeCOG-SLT study was a multicenter randomized phase-3 clinical trial conducted in 41 centers across Germany on patients with melanoma of the torso, arms or legs, and a positive SLNB (Table 1) . Patients were randomly assigned to either undergo CLND, or observation by ultrasonography with TLND being performed in case of recurrence in the nodes [16] . Prognostic factors were well balanced: no differences in SLN tumor burden were found between the two groups. The results showed that the number of melanoma-associated deaths was similar between patients who had CLND and those in the observation group (15% versus 16%). Three-year distant metastasis-free survival, overall survival, and recurrence-free survival were also similar in both groups (Table 1) . Similar results were obtained after subgroup analysis by tumor load in the SLN for distant metastasis-free survival.
However, this study bore numerous limitations: head and neck patients were excluded; the study was underpowered as only 483 of the 1269 patients (34.2%) with a positive SLNB were randomly assigned to the treatment groups due to 314 patients not meeting the inclusion criteria, 227 declining to participate and 254 having missing data; two-thirds of patients had a tumor burden below 0.1 mm, which is less than in previous studies and has been associated with an excellent prognosis; the number of events was lower than anticipated; and finally, the median follow-up period was short (34 months). Despite these limitations, the strength of the study is bolstered by the very consistent results.
The design of the MSLT-II was very similar to that of the DeCOG-SLT, but the power of the MSLT-II was superior, with 1939 out of the 3531 patients enrolled (54.9%) being randomly assigned to the two treatment groups, head and neck patients were included and the median follow up was 43 months (Table 1 ). The end results of MLST-II, published in 2017 [17] , were similar to those of the DeCOG-SLT study [16] : at the 3-year follow up, the mean rate of melanomaspecific survival was almost identical between the dissection and the observation group (86 ± 1.3% versus 86 ± 1.2%, respectively, p=0.4), whereas disease-free survival was higher in the dissection group (68 ± 1.7 versus 63 ± 1.7%; p = 0.05). However, CLND was found to provide improved staging and an increased rate of regional disease control. The most important disadvantage of CLND was lymphedema, which occurred in 24% of the patients in the dissection group compared with 6% in the observation group.
The MSLT-II study confirmed that the pathologic status of non-SLNs has independent prognostic value and therefore CLND provides information for risk stratification and selection of adjuvant therapy, which is lacking for patients who do not undergo CLND.
In the light of these recent studies, nodal observation appears to be a safe alternative to CLND.
However, CLND remains an available treatment option in specific populations or clinical situations which remain to be defined. Furthermore, we believe observation should be seriously discussed with patients with low adherence to follow-up visits or those who receive treatment at institutions that are not able to perform adequate nodal ultrasonography, mainly in case of high tumor burden in the SLN, or of high-risk of ulcerated or thick melanoma.
Use of CLND in head and neck melanoma patients may need to be considered separately. Firstly, data concerning this location are scarce: head and neck patients were excluded from the DeCOG-SLT study, and only 13.7% of the patients included in the MSLT-II study had head or neck melanomas. Secondly, in the MSLT-II study, the HR in the observation arm for head and neck melanoma was 1.6 (p = 0.07), compared with 1.05 for the trunk and 1 for the limbs. Finally, lymphedema-almost the only permanent complication of CLND-is not an issue in head and neck patients.
Adjuvant Therapies in Resected Stage III Melanoma Patients
Adjuvant therapy using immune checkpoint inhibitors such as ipilimumab and nivolumab, or therapies targeting melanoma-specific mutations might be recommended in melanoma patients with resected stage III positive regional lymph nodes with micrometastases, who have undergone CLND and have a high risk of subsequent relapse. The efficacy of ipilimumab was compared to placebo treatment in a large international randomized, doubleblind, phase 3 clinical trial involving patients with stage III melanoma (N = 951, median follow up: 5.3 years) [18] . In this study, patients who received ipilimumab (n = 475) had significantly higher rates of 5-year recurrence-free survival (40.8% versus 30.3%, p < 0.001), 5-year distant metastasis-free survival (48.3 versus 38.9, p = 0.002) and 5-year overall survival (65.4% versus 54.4%; HR for death = 0.72, p = 0.001) than patients who were prescribed the placebo (n = 476).
A further randomized, double-blind, phase 3 trial evaluated the efficacy of nivolumab (n = 453) versus ipilimumab (n = 453) in patients with stage IIIB, IIIC or IV melanoma who had undergone complete regional lymphadenectomy or resection [19] . Recurrence-free survival at 1 year was significantly higher in patients treated with nivolumab than in those treated with ipilimumab (70.5% versus 60.8%), and the risk of recurrence or death was lower (34.0% versus 45.5% respectively, HR=0.65, 97.56% CI, 0.51-0.83; p < 0.001).
In addition, as BRAF mutations are found in approximately 40% of melanomas [20] , a double-blind placebocontrolled phase 3 trial (COMBI-AD: N = 870, median follow up: 2.8 years) investigated the efficacy of a combination therapy with the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib. This treatment improved the estimated 3-year rate of relapse-free survival compared with a placebo (58% versus 39%; HR for relapse or death = 0.47; 95% CI, 0.39-0.58; p < 0.001) in patients with stage III melanoma with BRAF V600E or V600K mutations who had undergone CLND [20] .
The role of checkpoint inhibitors and additional targeted therapies as adjuvant treatments is an active field of investigation for patients with stage III melanoma. Further studies are needed to determine which types of adjuvant therapies are the most effective for stage III melanoma and to identify which patients would benefit from and should be selected to receive these therapies to improve outcomes for this group of patients.
Conclusion
Overall, the benefits of SNLB have been unequivocally demonstrated and the rationale remains strong for using this procedure in patients with cutaneous melanoma. SNLB provides the most significant prognostic marker for cutaneous melanoma and will probably remain the standard of care in the management of patients with intermediate-thickness and thick cutaneous melanoma for years to come. Evidence strongly suggests that any survival benefit from node interventions in patients with nodal metastases most likely derives from SLNB. In addition, most patients with nodal metastases achieve regional lymph node control through SLNB alone. In light of the considerable advances in melanoma treatment, SLNB also provides important and accurate information about melanoma staging, which is critical for the management of melanoma patients and necessary for making therapeutic decisions concerning adjuvant therapies and for the design of future clinical trials.
